Pijkeren, 2014). The sequences of the oligonucleotides used in this study are listed in Table 1 . Plasmid isolation from E. coli was performed using the GeneJET plasmid miniprep kit (Thermo 1 0 8
Fischer Scientific, Bleiswijk, the Netherlands) according to the manufacturer's instructions. Isolation of plasmids from L. lactis was as described previously (O'Sullivan and Klaenhammer 1 1 0 1993) with slight modifications. In short, 5 ml overnight cultures were pelleted by 10 minute 1 1 1 centrifugation at 3000 g. The pellet was resuspended in 250 μ l THMS-buffer (30 mM Tris-HCL 1 1 2 pH 8, 25% sucrose, 3 mM MgCl 2 ) supplemented with 2 mg ml −1 lysozyme. The cell suspension was incubated for 10 minutes at 37°C after which 500 μ l 1% SDS in 0.2 M NaOH was added.
1 1 4
The tubes were mixed gently and incubated on ice for 5 minutes. 375 μ l ice-cold 3M potassium 1 1 5 acetate pH 5.5 was added and the mixture was mixed by inversion, followed by incubation on ice 1 1 6
for 5 minutes. Cell debris was pelleted via centrifugation at 20,000 g for 5 min, after which the 1 1 7
supernatant was transferred to a new tube and an equal amount of isopropanol was added. After 1 1 8 10-minute incubation at room temperature the tubes were centrifuged at 20,000 g for 10 min to We first aimed to construct a vector that could be used for genome editing in E. faecium E745.
2 6
This vector, termed pVDM1001, was created by cloning a 0.7-kbp fragment which contains the 1 2 7
CRISPR sequences from pVPL3115 in the XhoI and EcoRI sites of pWS3. The fragment was 1 2 8 amplified from pVPL3115 using the primers oVDM1001 -oVDM1002. The pVDM1001 vector was then implemented for the generation of a lacL deletion and gfp insertion mutant by ordered. (Table S1 ) and amplified using oVDM1003 -oVDM1004. The amplified template was 1 3 5 cloned into pVDM-xlacL after digestion with SmaI and a blunt end ligation creating pVDM-
To create a gfp knock-in construct we amplified 773 bp upstream region of msrC and a 507 bp pBac. To pWS3-msrCdwn a T7 terminator was added which was amplified from pET3α using 1 4 6 primers oVDM1028-oVDM1029 and digested with SmaI-SpeI to create pWS3-T7-msrCdwn. pWS3-msrCup-pBac was then digested with KpnI-EcoRI and the msrCup-pBac fragment was 1 4 8 transferred to pWS3-msrCdwn-T7 to create pWS3-msrC-pBac-T7. To compensate for the low 1 4 9 copy number of the gfp integration in the chromosome, we amplified two copies of gfp from 1 5 0 pREG696-gfp (laboratory collection) using primers with different restriction sites, oVDM1016 - To perform the chromosomal modifications we first transformed E745 with pVPL3004, with 1 5 8 selection for transformants by plating on BHI with 50 μ g ml −1 erythromycin and 24h incubation 1 5 9
at 37°C. Presence of pVPL3004 in E745 was confirmed via PCR using primers oVDM1005 - We initially attempted to combine single-stranded DNA recombineering and CRISPR-Cas Lactobacillus reuteri (Oh and Van Pijkeren 2014). We were, however, unsuccessful in 1 9 6
generating mutants in E. faecium using this methodology. Either not enough oligonucleotides 1 9 7
were transformed into the cells due to the inherent low transformation efficiency in E. faecium, 1 9 8
or the activity of the single-stranded DNA binding protein RecT was too low to support 1 9 9
incorporation of the oligonucleotide into the chromosome. We then decided to adapt the L. vector pWS3 to create pVDM1001. This plasmid has the benefit of having a temperature- The E. faecium CRISPR-mediated genome engineering plasmid thus relies on pVPL3004 and the 2 1 0 novel vector pVDM1001 being present in the strain of interest ( Figure 1A) . The general 2 1 1 workflow is depicted in Figure 1B . In short, pVPL3004 was first transformed into E. faecium 2 1 2 E745 to allow for CRISPR-based genome modifications. We then exchanged the control 2 1 3 pVPL3004 and pVDM1001 and its derivatives. The relatively high background in the water 2 3 7 control revealed the appearance of spontaneously erythromycin-resistant colonies. Our data also This was confirmed by PCR ( Figure 2A ) and subsequent Sanger sequencing as we found that 2 4 5 approximately 15% of screened colonies were lacL deletion mutants. We obtained comparable generating mutants was considerable higher in comparison to the homologous recombination-2 5 0 based technique we previously developed (Zhang et al. 2012) , in which we routinely have to 2 5 1 screen 100 or 200 colonies, after several days or even weeks of sub-culturing, before we can 2 5 2 isolate the desired mutant that had undergone a double cross-over event. Once we confirmed that we had successfully generated the lacL deletion mutant and the 2 5 5 msrC::gfp insertion mutant, the CRISPR-related plasmids were cured by sub-culturing in BHI 2 5 6 broth without antibiotics for three days, or between 20 and 25 generations. Between 50 and 100 2 5 7 colonies isolated from this culture were then transferred to three different BHI agar plates, i.e. improves the current genetic toolbox for E. faecium and we anticipate that it will accelerate 3 0 1 research into this species. We note that the approach we developed here for E. faecium might After days of sub-culturing to clear the plasmids, 50 colonies per mutant w transferred to BHI, BHI + 50 µg/ml erythromycin and BHI 200 µ spectinomycin to screen for clones that have lost both plasmids (indicated by red arrows). The overall clearance of pVPL3004 is 80-90% and of pVD msrC::gfp is 2 -5%, resulting in at least 1 colony that has lost both plasmids results show results of two independent experiments to clear pVPL3004 pVDM-msrC::gfp from the insertion mutant. Colonies were visualized by ImageQuant LAS4000 imager through their production of GFP. Note that fluorescent signal is lower in the gfp integration mutants than in the colonies w gfp is still present on a multi-copy plasmid. 
